Enhancing access to genetic resources for climate change adaptation: A nutritional analysis of selected best-performing varieties of beans, finger millet and sorghum in Kenya, Tanzania and Uganda by Otieno, Gloria et al.
Enhancing access to genetic resources 
for climate change adaptation:  
A nutritional analysis of selected  
best-performing varieties of beans, 
finger millet and sorghum in Kenya, 
Tanzania and Uganda
Gloria Otieno1, Tobias Recha1, Judith Okoth Kanensi2
1 The Alliance of Bioversity International and CIAT, Kampala, Uganda
2 Jomo Kenyatta University of Agriculture and Technology (JKUAT), Nairobi, 
Kenya
The International Treaty
ON PLANT GENETIC RESOURCES 
FOR FOOD AND AGRICULTURE 
Cover Photo: Bean varieties during seed fair in Hoima Uganda in 2019. 
Credit: Alliance of Bioversity International and CIAT/T. Recha
The Alliance of Bioversity International and the International Center for Tropical Agriculture (CIAT) 
delivers research-based solutions that address the global crises of malnutrition, climate change, 
biodiversity loss, and environmental degradation. 
The Alliance focuses on the nexus of agriculture, nutrition and environment. We work with local, national, 
and multinational partners across Africa, Asia, and Latin America and the Caribbean, and with the public 
and private sectors and civil society. With novel partnerships, the Alliance generates evidence and 
mainstreams innovations to transform food systems and landscapes so that they sustain the planet, drive 
prosperity, and nourish people in a climate crisis. 
The Alliance is part of CGIAR, the world’s largest agricultural research and innovation partnership for a 
food-secure future dedicated to reducing poverty, enhancing food and nutrition security, and improving 
natural resources. 
www.bioversityinternational.org www.ciat.cgiar.org www.cgiar.org 
Citation: Otieno, G., Recha, T., and Okoth, J.K. (2020) Enhancing access to genetic resources for climate 
change adaptation: A nutritional analysis of selected best-performing varieties of bean, finger millet and 
sorghum in Kenya, Tanzania and Uganda. The Alliance of Bioversity International and CIAT, Rome, Italy. 
ISBN: 978-92-9255-190-2 
© Bioversity International  
Via dei Tre Denari 472/a  
00054 Maccarese  
Rome, ITALY 








The research reported here was conducted with financial support from the International Treaty for 
Plant Genetic Resources for Food and Agriculture through the Benefit Sharing Fund and the 
Netherlands Organization for Scientific Research (NWO).  We express appreciation to our project 
partners: National Agricultural Research Organization-Bulindi Zonal Agricultural and Research 
Development Institute (NARO-BUZARDI) in Uganda, Participatory Ecological Land Use 
Management (PELUM) Uganda and Plant Genetic Resources Centre of the National Agricultural 
Research Organization (NARO-PGRC). We also acknowledge partners from Kenya Agricultural 
Research organization (KALRO), the Genetic Resources Research Institute – (GeRRI) and the 
National Plant Genetic Resources Center (NPGRC) in Tanzania for their inputs towards this 
activity. We acknowledge Olga Spellman (The Alliance of Bioversity International and CIAT) for 
technical inputs and English editing of this report, and Luca Pierotti for the design and layout of 
the front cover. 
This work was implemented as part of the CGIAR Research Program on Climate Change, 
Agriculture and Food Security (CCAFS), which is carried out with support from the CGIAR Trust 
Fund and through bilateral funding agreements. For details please  
visit https://ccafs.cgiar.org/donors. The views expressed in this document cannot be taken to 





LIST OF ABBREVIATIONS 
AOAC   Association of Official Agricultural Chemists 
CIAT   the International Center for Tropical Agriculture (CIAT)    
FAO   The Food and Agriculture Organization 
DWB   Dry weight basis 
HCL   Hydrochloric acid 
ICP-OES         Inductively coupled plasma - optical emission spectrometer 
N   Normality 
NARO-BUZARDI National Agricultural Research Organizations 
NARO-PGRC  National Plant Genetic Resources Centre of National Agricultural   
   Research Organization 
ND   Not detected 








TABLE OF CONTENTS 
 
1. EXECUTIVE SUMMARY ............................................................................................................................ 3 
2. INTRODUCTION ....................................................................................................................................... 4 
3. NUTRITION AND DIETARY INFORMATION .............................................................................................. 5 
4. ANALYTICAL METHODS APPLIED ............................................................................................................. 7 
4.1 Method ............................................................................................................................................ 7 
4.2 Data analysis .................................................................................................................................... 8 
5. RESULTS AND DISCUSSION ...................................................................................................................... 8 
5.1 Nutritional information for selected bean varieties tested in Hoima, Uganda ............................... 8 
5.2 Ranking of selected bean varieties  in terms of nutritional content ............................................. 10 
5.3 Nutritional information for selected sorghum varieties ............................................................... 11 
5.4 Ranking of selected sorghum varieties in terms of nutritional content ........................................ 13 
5.5 Nutritional information for selected finger millet varieties .......................................................... 13 
5.6 Ranking of selected finger millet varieties in terms of nutritional content .................................. 15 
6. CONCLUSION ......................................................................................................................................... 16 
7. REFERENCES .......................................................................................................................................... 17 
8. APPENDICES .......................................................................................................................................... 21 
8.1 Appendix I:  Ranking of bean varieties based on proximate analysis, selected minerals and total 
phenolics ................................................................................................................................................... 21 
8.2 Appendix II: Ranking of sorghum varieties based on proximate analysis, total phenolics and 
selected minerals ...................................................................................................................................... 23 
8.3 Appendix III: Ranking of finger millet varieties based on proximate analysis, total phenolics and 













1. EXECUTIVE SUMMARY 
According to the FAO 2019 report on the state of the world’s food security and nutrition (FAO et 
al. 2019), hunger has risen in almost all sub-regions of Africa, with undernourishment prevalence 
levels at 22.8 %. Furthermore, the same report noted that 17.2% of the world population, 
equivalent to 1.3 billion people, had recently experienced moderate food insecurity. This implied 
that they did not have regular access to sufficient and/or nutritious food, exposing them to a 
greater risk of numerous forms of malnutrition and poor health. Furthermore, obesity has risen in 
almost all countries, contributing to 4 million deaths globally. In addition, the prevalence of 
obesity between 2000 and 2016 reportedly increased faster than prevalence of overweight. 
Availability, access to and consumption of nutritious foods and stability of these parameters is 
key to addressing these challenges.  
Sorghum and finger millet are traditional grains that are drought tolerant and nutritious. They can 
greatly contribute to alleviating food and nutrition insecurity especially when new varieties are 
bred with improved nutritional value. Beans are an important, nutritious crop for smallholding 
farmers and are known for their high protein content and affordability. For this reason, a pool of 
varieties of bean, finger millet and sorghum were introduced and tested by farmers in Kenya, 
Tanzania and Uganda, and evaluated to select those with superior characteristics such as faster 
maturity, drought tolerance, pest and disease resistance and high yields. Farmers were able to 
evaluate 63, 98 and 73 varieties of bean, finger millet and sorghum respectively. They selected 7 
bean, 17 finger millet and 22 sorghum varieties that performed well against superior characters. 
However, besides their agronomical performance, it is also important to understand the nutritional 
composition and health benefits the farmers will derive from the selected varieties. Therefore, the 
main objective of this study was to determine their nutritional value.  
Our study therefore focused on determining the proximate composition (moisture, ash, lipid, 
protein and carbohydrate content) and some minerals (iron, zinc and calcium) using AOAC 
methods. Their total phenolic content was also determined.  
The nutritional composition of the new varieties was determined by building on the agronomical 
characteristics of the crops. From a nutritional perspective, we identified the TZA 3990, GBK 
057855 and GBK 051746 as the best-ranking varieties of bean, finger millet and sorghum, 
respectively. With this nutrition profiling and agronomic information, relevant stakeholders at all 
levels, from farmers and breeders, to value-addition sectors and private companies in Kenya, 
Tanzania and Uganda can now easily select a variety, from among the ones profiled, according to 












The Alliance of Bioversity International and the International Center for Tropical Agriculture 
(CIAT)  with its partners the National Agricultural Research Organizations (NARO-BUZARDI), 
the National Plant Genetic Resources Centre of National Agricultural Research Organization 
(NARO-PGRC) and Participatory Ecological Land Use Management (PELUM) Uganda are 
implementing a project “Citizen’s Science approach to climate-smart and nutrition-sensitive seed 
value chains for food and nutrition security in Uganda and Ethiopia”. The project aims at helping 
farmers to better cope with the negative impacts of climate change by enhancing the availability 
of climate-smart varieties of resilient crops. This project is building on the crowdsourcing1 and 
participatory varietal selection activities that were done under a project funded by the Food and 
Agriculture Organization of the United Nations (FAO) titled “Promoting Open Source Seed 
Systems for beans, forage legumes, millet and sorghum for climate change adaptation in Kenya, 
Tanzania and Uganda”.  In Kenya, 400 farmers from Nyando were trained and provided with 52 
finger millet and 49 Sorghum varieties; in Tanzania another group of 250 farmers were trained 
and received 24 sorghum varieties; and lastly, in Uganda, 250 farmers were trained and received 
63 bean and 44 finger millet varieties for testing, evaluation and selection. The varieties were 
evaluated against a set of agronomic traits for climate change adaptation such as drought 
tolerance, rate of maturity, pests and diseases and yield. In Kenya, farmers were able to select 11 
finger millet and 10 sorghum varieties; in Tanzania, they selected 12 sorghum varieties, while in 
Hoima Uganda, they selected 6 finger millet and 7 bean varieties. The best performing of these 
selected varieties were then underwent further laboratory evaluation to determine their nutritional 
content. 
 
The term ‘good nutrition’ implies that the body is receiving all the nutrients it needs for its 
optimal function. Some benefits of good nutrition include improved health, immune system 
strength, ability to recover from illness or injury, increased energy levels and work outputs, lower 
cholesterol, reduced blood pressure and reduced risk to certain cancers and non-communicable 
diseases including heart disease, diabetes, stroke and osteoporosis, among others. The nutrients 
the body needs are supplied by food. Therefore, food composition is vital in determining what 
nutrients the body can obtain from food and is often determined to establish nutrient intake, based 
on portion size, frequency of intake and other related parameters.  
 
Cereals and legumes contribute a significant portion of macronutrients and micronutrients to the 
diet. Macronutrients (carbohydrates, protein and fat) are needed in larger amounts, and provide 
energy. Carbohydrates provide fuel for the body, sparing the use of protein (to preserve muscle 
mass) among other functions. Proteins play a vital role in tissue structure and repair, metabolic, 
circulatory and hormone systems, acid/base balance to maintain a neutral environment in the 
body, and form enzymes that regulate metabolism, besides being part of cell plasma membranes. 
Fats provide energy reserves, insulation, protect vital organs and transport fat-soluble vitamins in 
the body. It is therefore crucial to quantify all of these macronutrients in new varieties of food 
crops. Micronutrients (vitamins and minerals) are nutrients that the body needs in smaller 
amounts. Ash content reflects the total amount of minerals present within a food, while mineral 
content measures the amount of specific inorganic components within a food, such as calcium, 
 
1 First experiences with a novel farmer citizen science approach: crowdsourcing participatory variety selection 






iron and zinc. The ash and mineral content are important for nutrition labelling, quality (in terms 
of concentration and type of minerals, and their taste, appearance, texture and stability), microbial 
stability (high mineral content can be used to slow microbial growth), nutrition (some minerals 
are essential to the diet e.g., calcium, iron and zinc) and processing (mineral content affects a 
food’s physicochemical properties). Iron and zinc are among minerals of public health concern. 
Legumes and cereals are known to be good plant sources of calcium, iron and zinc hence the 
importance of quantifying them in these new varieties of bean, finger millet and sorghum. 
 
Food composition data provides information on the chemical composition of nutrients. This, in 
addition to presence and amounts of interacting components in food, can guide on nutrient 
bioavailability.  Plant foods contain polyphenols, which are not necessary in the diet to sustain life 
but are beneficial to human health. Studies have shown that their antioxidant and anti-
inflammatory properties could have preventive and/or therapeutic effects for cardiovascular 
disease, neurodegenerative disorders, cancer and obesity (Pérez-Jiménez et al. 2010, Singh et al. 
2011, Cory et al. 2018). On the other hand, dietary polyphenols can reduce the transport of 
thiamin and folic acid through pre-absorptive interactions during digestion. In addition, they can 
alter the activity of drugs through interactions that affect drug transporters or enzymes involved in 
reactions, resulting in both inhibition and increase of bioavailability depending on the case 
(Zhang and Tsao 2016, Cory et al. 2018). Polyphenols have iron-chelating and inhibitory effects 
on iron and other minerals, which inhibits their absorption and enhances their deficiencies in the 
body (Hurrell 2010, Cory 2018).  Furthermore, high polyphenol content in cereals and legumes, 
could increase the deficiency of some minerals. Cereals and legumes are also known to be high in 
phytates, which reduce the bioavailability of certain minerals (e.g. iron and zinc). Therefore, food 
nutritional profiling is essential to formulating food-based dietary guidelines, which are crucial in 
improving populations’ diets and patients` diet therapy.  The total  phenolics  content of cereals 
and legumes can guide on the best preparation methods to increase nutrient bioavailability and 
maximize on the benefits of polyphenols.  This is crucial for new varieties of food crops, 
especially staples. Therefore, the research objective of our study was to determine the 
macronutrients, some minerals and the total phenolic compounds of the best performing varieties 
of bean, finger millet and sorghum tested, evaluated and selected by 400 farmers in Kenya, 250 in 
Tanzania and 250 in Uganda. In this report, we present our methodology of analysis and then drill 
down to the results of nutritional testing for beans in Uganda, sorghum in Kenya and Tanzania 
and, lastly, finger millet varieties tested in Kenya and Uganda. 
 
3. NUTRITION AND DIETARY INFORMATION 
Good nutrition includes an adequate and well balanced diet that results into good health. Poor 
nutrition leads to reduced immunity, increased susceptibility to diseases, impaired physical and 
mental development and reduced productivity. It is important that farmers are aware of the 
nutritional benefits they are receiving from the use and consumption of beans, finger millet and 
sorghum that were selected during their trials. Table 1 shows a summary of benefits that can be 










Table 1: Detailed explanation of important nutritional contents of selected bean, sorghum and 
finger millet varieties tested under this study 
 
Important nutrient  components Importance 
Moisture  • Used as a guide on food durability 
Protein  
Used in body tissues and organs for: 
• Structure  
• Function  
• Regulation  
Fats 
• Provide energy to the body  
• Protect body organs 
• Contribute to body structure 
• Keep the body warm 
• Carry fat-soluble vitamins 
 Fibre • Good for digestion and regular bowel movement  
• Known to improve cholesterol and blood sugar levels 
Carbohydrates 
• Provide energy to the body  
• Dietary fibre reduces risk to cardiovascular diseases, may 
protect against obesity and type 2 diabetes,  and improve gut 
health 
Ash • Represents total mineral content in food 
Iron 
• Carries oxygen in the red blood cells to the body cells to 
produce energy 
• Helps remove carbon dioxide from the cells 
Zinc 
• Required for proper immune function 
• Necessary for growth and development 
• Reproduction and vision 
• Neurotransmission  
• Acts as a catalyst for vital chemical reactions 
• Has a structural role in the body 
Calcium 
Necessary to the body for: 
• Building strong bones and teeth 
• Muscle contraction 
• Blood clotting 
• Nerve impulse 
• Regulating heartbeat 
• Fluid balance within the cells 
  
Total phenolics 
• Regulate metabolism and weight 
• Reduce risk of chronic disease 
• Reduce cell proliferation 
• May also contain anti-nutrients like tannins, which reduce 






4. ANALYTICAL METHODS APPLIED 
4.1 Method 
 
Determination of moisture content  
Moisture content in the samples was determined by drying homogenized samples of a constant 
weight in a dry air, hot oven set at 105°C as per the method described by AOAC (2012). All 
analyses were done in triplicate.  
Determination of protein content  
Protein content was determined by Kjeldhal method as described by AOAC 2012. Approximately 
0.5g of the sample was weighed in flasks, one Kjeldhal tablet was added and digested using 10ml 
concentrated sulfuric acid. The clear digest was distilled using 35% sodium hydroxide to release 
ammonia, which was trapped in a flask with 4% boric acid. This was followed by titration against 
0.1N HCl. The average titre was used to calculate the amount of protein in the sample by using a 
factor of 6.25. All the analyses were done in triplicate. 
Determination of ash content  
Ash content was determined by AOAC 2012 method. 2g of sample was weighed in triplicate into 
a crucible dish and placed on a hot plate to char until all the smoke ceased. The charred samples 
were incinerated in a muffle furnace at 550˚C for 4-6 hours/overnight until they turned grey. The 
samples were later removed from the furnace, placed in the desiccator to cool and weighed. 
Determination of crude fat/oils content  
Fat and oils were determined by hydrolyzing 3g of the samples containing 1g of Celite using 4N 
HCl followed by solvent extraction using petroleum ether as per AOAC 2012.  
 
Determination of crude fibre and carbohydrate  
Crude fibre was determined according to AOAC 2012. Approximately 3g of the sample was 
weighed in a 600 ml beaker, followed by the addition of 25 ml of 1.25% sulfuric acid and topping 
with hot distilled water to the 200 ml mark. The contents in the beaker were mixed and boiled on 
the hot plate for 30 minutes while maintaining the water level at the 200 ml mark. The mixture 
was then filtered through glass wool placed on a Buchner funnel. The second digestion step was 
repeated with 1.25% sodium hydroxide. Filtration was done and the residue on the glass wool was 
rinsed with 3ml ethanol. The glass wool and the digested residue were dried in an oven set at 
105°C for 30 minutes. They were cooled and incinerated overnight in a muffle furnace at 550°C. 
The loss in weight was recorded as the crude fibre content. The carbohydrate content was 
determined by difference.  
 
Determination of minerals (Fe, Zn and Ca) 
0.3g of each sample was weighed into a digestion tube and 5ml of nitric-perchloric acids (9:1) 
added. This was left in the fume hood to digest for 16 hours (pre-digestion). The tubes were 
placed in the digester and the programme was set to digest for 4 hours. After digestion the tubes 





falcon tubes. The tubes were rinsed using 2 washes with 1% nitric acid and the contents emptied 
into the Falcon tubes. Contents were topped-up to 20ml with 1% nitric acid. The minerals were 
quantified using the inductively coupled plasma – optimal emission spectrometer (ICP-OES). 
 
Determination of total phenolics  
A quantity of 0.5g of each sample was weighed in 50ml Falcon tubes and 10ml of methanol at 
70% added. It was homogenized for 10 seconds using a vortex (first extraction). The methanol 
was filtered through Whatman #4 filter paper into a volumetric flask. 10 ml of 70% methanol was 
added over the residue, homogenized on a vortex and incubated in a water bath at 80°C for 5 
minutes (second extraction). The extract was filtered into volumetric flask and finally the 
extraction solution added up to a final volume of 20ml. 400µl of sample was dispensed in a test 
tube and 8ml of distilled water and 0.5ml of 2N Folin Ciocalteu added, mixed and left to stand for 
6 minutes. 1500µl of 20% sodium carbonate was added and mixed thoroughly. The tubes were 
placed in a water bath at 40˚C for 30 minutes. The samples were transferred to microtiter plates 
and absorbance was read at 725nm.  
 
4.2 Data analysis 
All of the values obtained are based on dry weight, except for moisture content. The data was 
exported to Minitab 19 and the means and standard deviations were calculated. One-way 
ANOVA was used to check for statistical mean differences in the samples with p value set at 
0.05. The mean differences were separated by post-hoc Tukey test.  
 
5. RESULTS AND DISCUSSION 
 
5.1 Nutritional information for selected bean varieties tested in Hoima, Uganda 
Beans are an important source of cheap protein for populations, especially in Kenya, Uganda and 
Tanzania. Variations in protein content can be attributed to different environmental conditions, 
genotype and analytical methods. In addition, proteins are sensitive to rainfall, light intensity, 
length of growing season, day duration, temperature and agronomic practices (Bampidis and 
Christodoulou 2011) 
 
We conducted our bean nutrition studies on seven bean varieties tested by 250 farmers in trials 
conducted in Hoima, Uganda. The moisture and ash content of seven bean varieties tested in 
Uganda (see Table 2) ranged between 11.50% and 12.70%, and 3.90% and 6.20%, respectively. 
The Kenyan Food Composition Tables (FAO/Government of Kenya 2018) reported the ash 
content of common bean as 3.29g per 100g of edible portion, with a moisture content of 11–13%. 
Our results are therefore within these limits. The crude protein content of the beans ranged from 
26.21% to 28.34% with Kyobote variety containing the least and Kaitabahuru variety the highest. 
There were no significant differences in the protein content among the varieties. Previous studies 
conducted in Africa by Granito et al. (2007) and Yellavila et al. (2015), reported crude protein 
contents of 24.98%, and 20.6–23.08%, in beans, respectively.  Hotz et al. (2012) reported in the 





and cranberry beans had a protein content of 21.4%, 23.4%, 23.9%. 23.6% and 23%, respectively, 
with moisture contents of 11.3%, 11.3%, 9.1%, 11.8% and 12.4%, respectively. This shows that 
the Kaitabahuru variety we tested recorded a higher protein content compared to previous studies 
by Holz et al., confirming it to be a very important variety in terms of protein content and 





Table 2: Proximate composition of bean varieties based on dry weight basis (dwb) 
 








TZA 3100 Uganda 12.02±0.2bc 27.47±1.3a 5.32±0.6bc 1.81±0.1a 6.47±0.2bc 46.91±1.6ab 
TZA 3165 Uganda 11.50±0.0c 26.76±0.7 a 4.81±0.1cd 1.86±0.2a 6.40±0.5bc 48.66±0.8 ab 
TZA 3990 Uganda 12.70±0.2a 26.58±0.4 a 6.20±0.1a 1.87±0.1a 11.29±0.0a 41.34±0.4c 
KAITABAHURU Uganda 11.97±0.1bc 28.34±1.2 a 4.55±0.1de 1.27±0.2b 6.18±0.1c 47.69±1.5ab 
KYOBOTE Uganda 11.57±0.0c 26.21±0.3 a 3.90±0.1e 1.20±0.2b 7.26±0.4b 49.86±0.7a 
UNGB 2364 Uganda 12.51±0.3ab 26.37±0.4 a 4.41±0.0de 1.47±0.0b 7.05±0.5bc 48.19±0.6ab 
TZA 4174 Uganda 11.96±0.4bc 28.18±1.1 a 5.86±0.1ab 1.55±0.2ab 7.00±0.6bc 45.45±2.1b 
Values are mean ± SD: Analysis of samples done in triplicates:  Means that do not share a letter are significantly different  
 
Furthermore, Kaitabahuru and Kyoboye contained about 1% fat content, which ranged between 
1.20% and 1.87% among all the bean varieties tested. Ibeabuchi et al. (2017) reported a fat 
concentration range of 1.00–2.013% in beans. This aligns with our own findings. Generally, 
legumes are known to be low in fat content. The crude fibre content among the tested bean 
varieties ranged from 6.18% to 11.29% with TZA3990 having the highest (11.29%) content. 
These contents are higher than those reported by Ibeabuchi et al. (2017) and Obiakor (2009) who 
recorded mean crude fibre contents of 4.20% and 4.98%, respectively, in beans. Whole cereal 
grains and legumes are an important source of dietary fibre. Crude fibre lowers blood cholesterol 
in humans preventing hypercholesterolemia; it also prevents cancer and reduces the risk of 
developing diabetes and hypertension (Oboh and Omofoma 2008). Hortz et al. (2012) reported 
that the carbohydrate content of  pinto, white navy, mung, kidney and cranberry bean varieites 
was 62.6%, 60.3%, 62.6%, 60% and 60.1%, respectively, with a moisture content of  11.3%, 
11.3%, 9.1%, 11.8% and 12.4%, respectively. According Silvia et al. (2016), the carbohydrate 
content of beans ranges between 55% and 65% on dry weight.  The carbohydrate content of the 
varieties we tested ranged between 41.34% and 49.86%, with Kyobote having the highest 
content. With a mean score of 46.87% our varieties were close in carbohydrate values to those 
reported by Silvia et al. (2016).  
 
The total phenolics and mineral (iron, zinc and calcium) content in the selected bean varieties is 
reported in Table 3. The iron content varied significantly and ranged from 6.55 to 8.34 mg/100g 





in beans is 55μg/g. The zinc content among the bean varieties ranged between 2.53 to 
3.19mg/100g with TZA 4174 scoring highest. Their calcium content ranged between 129.31 and 
228.94 mg/100g.  In addition, UNGB 2364 and TZA 4174 scored the highest calcium content 
with 228.54 and 228.94 mg/100g, respectively. Beans are an important source of iron and zinc, 
among other minerals (Torres et al. 2020). Total phenolic content was highest in TZA 3100 
(17.70%) and ranged between 6.72 to 17.70mg/100g. This result aligns with the findings of 
Ariza-Nieto et al. (2007), who obtained a phenolic content range of 11.7 to 14.7mg/g in common 
bean. Antioxidants lower the risk of diseases such as cancer, atherosclerosis, rheumatoid arthritis, 
inflammatory bowel disease and cataracts, by lowering the amount of free radicals in the body. 
Besides this, they have antifungal, antibacterial and antiviral activities (Harborne and Williams 
2000, Arun et al. 2009). In general, processing methods have the greatest influence in altering the 
genetically-determined phenolic content and composition.  
 
Table 3: Total phenolic and selected mineral content in selected bean varieties based on dry 
weight basis (dwb) 





Iron Zinc Calcium 
 
TZA 3100 Uganda 17.70±0.9a 7.61±1.4a 2.79±0.3ab 209.99±4.3a 
TZA 3165 Uganda 6.72±0.1e 8.34±1.0a 2.53±0.3b 205.01±6.6ab 
TZA 3990 Uganda 10.10±0.3cd 7.65±0.8a 3.17±0.0a 181.75±14.8b 
KAITABAHURU Uganda 15.73±1.1ab 7.40±0.9a 2.74±0.0ab 129.31±8.5c 
KYOBOTE Uganda 13.15±2.2bc 6.55±0.2a 2.75±0.3ab 151.77±5.3c 
UNGB 2364 Uganda 7.83±1.3de 7.70±0.1a 3.08±0.2a 228.54±14.2a 
TZA 4174 Uganda 11.74±0.2c 6.88±0.3a 3.19±0.0a 228.94±6.1a 
Values are mean ± SD: Analysis of samples done in triplicates: Means that do not share a letter are significantly 
different. 
 
5.2 Ranking of selected bean varieties  in terms of nutritional content  
Based on the proximate analysis (Table 2) TZA 3990 resulted as the best variety overall with 
about 27% protein, 6% ash, 2% fat, 11% crude fibre and 41% carbohydrate content. Although it 
had the lowest carbohydrate content, its protein content almost equals that the other varieties but 
is higher than that in common beans (6.15–22.86%) (Kumar and Baojun 2017).  In addition, it 
contained the highest ash content, which could imply a higher mineral content. However, it is also 
the highest in crude fibre content, which could affect mineral bioavailability implying the need to 
use processing methods that improve mineral bioavailability such as soaking, fermentation and 
germination. TZA 3990 had the highest zinc content, while its iron and calcium content scored 
well compared to the other varieties. It also was among the varieties with lower total phenolics, 
which could imply higher bioavailability of the minerals and proteins. In addition to its high 
nutritional content, TZA 3990 has desirable agronomic attributes such as early-maturing and high 
yielding  
 
In summary, Appendix I shows the ranking of the bean varieties tested for each nutritional 






5.3  Nutritional information for selected sorghum varieties 
In total, 22 varieties of sorghum were tested for selected nutritional content in Kenya and 
Tanzania. The moisture content for all sorghum varieties ranged between 10.55% and 14.06% 
(Table 4). Moisture content is a direct estimate of water content and, indirectly, the dry matter 
content of the sample. It is also an index of food storage stability. Food with moisture content 
inferior to 14% can resist microbial growth and thus have better storability and shelf-
life (Arkroyed and Doughty 1994). The ash content in sorghum varieties ranged between 1.60% 
and 3.45%.  The protein content of our tested sorghum ranged between 9.26% and 16.87%. This 
is lower than the figure reported by Ojo et al. (2018) and Ismail et al. (2016) as 13.09% and 
11.13%, respectively. The higher the protein content of sorghum the better the variety. GBK 
051746 had a significantly higher protein content (16.87%) than the other varieties, while GBK 
051855 was significantly higher in ash and fat content (3.45 and 4.23%, respectively). 
 





% Moisture % Protein % Ash % Fat % Crude 
Fibre 
% Carbohydrate 
GBK 44669 Kenya 13.27±0.1 12.37±0.2efghi 2.41±0.1bcd 3.15±0.1 bcd 8.14±0.2abc 60.67±0.3ef 
GBK 051843 Kenya 13.90±0.1 11.12±0.4c 2.61±0.5cdef 3.55±0.5 b 7.48±0.0cd 61.78±0.8e 
GBK 051855 Kenya 13.26±0.1 11.55±0.3ij 3.45±0.2a 4.23±0.3 a ND ND 
GBK 051759 Kenya 10.82±0.3 13.21±0.3def 2.17±0.1cdef 3.03±0.3 bcde 6.49±0.2de 64.28±0.5bc 
GBK 051746 Kenya 13.90±0.3 16.87±0.3a 1.76±0.2fg 3.24±0.1 bc 7.83±0.7bc 56.39±0.6g 
GBK 051737 Kenya 13.50±0.2 12.89±0.1efg 2.82±0.1b 2.65±0.2 cdef 8.99±0.3a 59.16±0.4f 
GBK 044672 Kenya 11.11±0.1 13.33±0.6cde 2.33±0.0bcde 2.95±0.1 bcdef 8.92±0.8ab 61.36±1.1e 
GBK 044626 Kenya 11.72±0.4 14.37±0.5bc 1.75±0.2fg 1.92±0.2 g 6.60±0.3de 63.65±0.3cd 
GBK 004251 Kenya 14.06±0.2 9.34±0.3k 1.78±0.1efg 2.87±0.0 cdef 4.64±0.2f 67.31±0.5a 
GBK 051744 Kenya 13.71±0.2 15.05±0.1b 2.41±0.4bcd 2.07±0.1 bcd 9.12±0.4a 56.64±0.2g 
UNGB 65 Tanzania 10.74±0.3 9.26±0.3k 2.61±0.1bc 2.44±0.2 efg ND ND 
UNGB 2752 Tanzania 11.49±0.4 12.09±0.6ghij 2.35±0.0bcd 2.90±0.1 cdef ND ND 
UNGB 2841 Tanzania 10.99±0.7 12.13±0.4fghij 2.08±0.1cdefg 3.14±0.0 bcd ND ND 
UNGB 2796 Tanzania 11.39±0.2 11.52±0.4ij 2.14±0.0 cdefg 2.41±0.2fg ND ND 
UNGB 2777 Tanzania 12.27±0.3 12.00±0.2ghij 1.71±0.0fg 3.14±0.1bcd 7.27±0.2cd 63.61±0.5cd 
UNGB 2775 Tanzania 11.24±0.4 12.03±0.6ghij 2.09±0.1defg 1.14±0.1h ND ND 
UNGB 2767 Tanzania 11.71±0.1 11.92±0.4ghij 1.89±0.1defg 2.83±0.1cdef 6.12±0.4e 65.54±0.5b 
UNGB 2742 Tanzania 12.19±0.3 12.67±0.1efgh 2.22±0.1cdef 2.68±0.1 cdef ND ND 
UNGB 2314 Tanzania 11.53±0.2 11.63±0.3hij 2.25±0.2cdef 1.82±0.1g ND ND 
UNGB 2279 Tanzania 10.55±0.4 11.58±0.2hij 2.35±0.1bcd 2.60±0.1def ND ND 
Hakika Tanzania 12.66±0.4 14.04±0.4bcd 1.60±0.4fg 3.26±0.2bc 6.83±0.3de 62.08±0.7de 
UNGB 2378 Tanzania 13.35±0.2 11.33±0.0ij 2.16±0.1cdef 2.87±0.4 cdef ND ND 
Values are mean ± SD: Analysis of samples done in triplicates; Means that do not share a letter are significantly different. 
  
The fat content of the sorghum varieties ranged from 1.14% to 4.23% with GBK 051855 scoring  
the highest. FAO 1995 reported a fat concentration of 2.9% in sorghum. This is in line with our 
results.  Fat plays a significant role in the shelf-life of food products, therefore relatively high fat 
content could be undesirable in processed food products (Weiss 2000, Potter and Hotchkiss 2006, 
Ajani et. al. 2012). This is because fat can promote rancidity in foods, leading to the development 
of unpleasant and odorous compounds (Ajani et al. 2012). The crude fibre content among the 
sorghum varieties ranged from 4.64% to 9.12% with GBK 051744 scoring the highest. The 
carbohydrate content of sorghum varieties ranged between 56.39% and 67.31%.  According to 





content of 12%. The amount obtained in our tested sorghum is slightly lower than the Arun et al. 
(2009) average. 
 
The iron content in sorghum varieties ranged between 4.04 and 15.11 mg/100g (Table 5) with the 
content in UNGB 2279 ranking significantly higher for iron content than the other varieties.  
Their zinc content varied between 1.68 and 10.46 mg/100g with UNGB 2742 significantly 
outscoring the other varieties.  The calcium content of the sorghum varieties ranged between 
19.59 and 132.26 mg/100g, in which GBK 051759 (132.26 mg/100g) scored highest. These 
results align with Saleh et al. (2013) who obtained a calcium concentration of 35.23 mg/100g in 
sorghum. Furthermore, among the sorghum varieties, total phenolic content was highest in UNGB 
65 (173.60%) and ranged between 7.16 and 173.6mg/100g among the 22 varieties analyzed. 
Sorour et al. (2017) obtained a higher concentration of between 178.28 and 825.36 mg/100g.  
 
Table 5: Total phenolic and selected mineral content in sorghum varieties based on dry weight 
basis (dwb) 





Iron Zinc       Calcium 
 
GBK 44669 Kenya 23.11±0.8m 6.30±0.4fghi 2.39±0.1cdefg 106.80±2.6b 
GBK 051843 Kenya 119.66±1.3e 5.36±0.4ghijk 2.20±0.1defg 103.04±4.9b 
GBK 051855 Kenya 12.04±1.1n 6.73±0.6fgh 3.36±0.4b 132.25±4.7a 
GBK 051759 Kenya 10.27±0.7no 5.23±0.2hijk 2.39±0.5cdefg 132.26±10.7a 
GBK 051746 Kenya 9.43±0.3no 5.99±1.0ghij 2.77±0.2bcdef 24.89±2.3def 
GBK 051737 Kenya 145.92±1.5c 10.40±0.2cd 2.61±0.2bcdefg 82.88±6.5c 
GBK 044672 Kenya 44.68±0.8kl 4.75±0.1ijk 2.66±0.4bcdef 106.55±3.9b 
GBK 044626 Kenya 47.25±1.9k 4.04±0.4k 2.13±0.3efg 21.16±1.5f 
GBK 004251 Kenya 92.47±0.5f 4.26±0.6jk 1.68±0.3g 25.71±3.2def 
GBK 051744 Kenya 157.79±1.7no 5.23±0.1hijk 3.29±0.3bc 80.78±2.4c 
UNGB 65 Tanzania 173.60±1.2a 7.94±0.6ef 2.50±0.3bcdefg 34.89±4.9d 
UNGB 2752 Tanzania 127.84±1.6d 6.32±0.4fghi 3.37±0.2b 28.00±2.3de 
UNGB 2841 Tanzania 62.62±2.6i 12.77±1.2b 3.05±1.0bcde 29.50±3.4de 
UNGB 2796 Tanzania 94.86±2.7f 11.65±0.6bc 2.87±0.1bcdef 25.47±0.7def 
UNGB 2777 Tanzania 76.94±2.8g 7.02±1.0fg 2.95±0.2bcde 19.59±0.5ef 
UNGB 2775 Tanzania 56.12±2.7j 6.58±0.1fgh 2.96±0.1bcde 21.74±0.3def 
UNGB 2767 Tanzania 63.67±0.3i 7.77±0.9ef 3.25±0.1bc 19.61±1.2ef 
UNGB 2742 Tanzania 69.07±1.7h 8.83±0.2de 10.46±0.0a 29.80±1.9de 
UNGB 2314 Tanzania 52.80±0.9j 6.34±0.2fghi 3.10±0.1bcd 23.66±1.8def 
UNGB 2279 Tanzania 69.19±0.6h 15.11±0.4a 1.97±0.2fg 29.37±0.8de 
Hakika Tanzania 7.16±0.6o 12.48±0.4b 2.90±0.2bcdef 23.19±1.7def 
UNGB 2378 Tanzania 41.17±0.9l 12.04±0.2bc 2.66±0.0bcdef  31.61±2.2de 
 Values are mean ± SD: Analysis of samples done in triplicates; Means that do not share a letter are significantly different. 
 
According to Nayak et al. (2015), the phenolic content in cereals is influenced by several factors 
such as environmental conditions, genotype, storage and processing methods. Phenolics include 
phenolic acids, flavonoids and pro-anthocyanins, which are particularly notable because of their 
potent antioxidant properties (García‐Lafuente et al. 2014).  
Sorghum grain has been reported to have phenolic compounds that influence its sensory and 
nutritional quality (Hahn et al. 1984, Arun et al. 2009). Awika and Rooney (2003) and Arun et al. 





sorghum is different, more abundant and diverse compared to other common cereal grains (Xiong 
et al. 2019). Researchers have reported that consuming whole-grain sorghum can improve gut 
health and reduce the risks of chronic diseases (Xiong et al. 2019).  In addition, sorghum grain 
can be utilized in the development of functional foods and beverages, and as an ingredient in 
other processed foods and food preparations.  Also, the phenolic compounds, 3‐
deoxyanthocyanidins, and condensed tannins can be isolated and used as natural multifunctional 
additives in broad food applications (Xiong et al. 2019).   
 
5.4  Ranking of selected sorghum varieties in terms of nutritional content  
Based on proximate analysis (Table 4), among the sorghum varieties analyzed, we ranked GBK 
051746 the overall best. It had the highest protein content (16.87%) and a fat content of 3.24%.  It 
was also among the varieties with low total phenolics, which could mean lower tannins and 
higher availability of iron (6mg/100g) and zinc (3%). We found it to have higher iron, zinc and 
calcium than documented by FAO 2020, which are 4.2, 2.5 and 15mg /100g, respectively. The fat 
content  of  GBK 051746 was close to the average (3.5%)  reported by USDA 2019.  The 
sorghum grain fat profile comprises of   oleic, linoleic, palmitic, linolenic, and stearic acids; 
therefore primarily  polyunsaturated fatty acids which have been associated with reduction to risk 
of cardiovascular diseases(Adeyeye and Ajewole 1992, USDA  2019, Xiong et al, 2019, Liu et al. 
2017). 
 
The agronomic attributes of GBK 051746 include a growing height of up to 180cm, therefore tall, 
characterized by lodging, no tillering and maturing within 153 days. This variety is also very high 
yielding with a potential to reach 5000kg/ha and is both pest and disease resistant and drought 
tolerant.  
 
Appendix II shows the order of ranking based on how the sorghum varieties performed for each 
nutritional component analyzed.  
 
5.5  Nutritional information for selected finger millet varieties 
The moisture content of finger millet varieties analyzed ranged between 9.03% to 11.83% (Table 
6), while their ash content ranged between 0.26% to 4.00%. Ojo et al. (2018) reported an ash 
content of 1.76% in finger millet, which is within the range of our findings. The protein content of 
the finger millet varieties ranged between 6.25% and 14.05%. This is lower than reported by Ojo 
et al. (2018) (14.13–17.03%). The higher the protein content in finger millet the better, because in 
Kenya, Uganda and many others countries it is a staple crop that is drought tolerant and could 
therefore contribute to achieving food and nutrition security in populations.  Finger millet is a 
staple  implying  it is regularly  consumed  thereby,  contributing  to  dietary protein intake. The 
fat content of the finger millet varieties ranged between 1.16% and 3.79% with GBK 057855 
scoring significantly highest. Generally, cereals are known to be low in fat. The crude fibre 
content of the finger millet varieties ranged between 7.64% and 13.72% with UNGB 4146 scoring 
the highest. Whole cereal grains are an important source of dietary fibre. Crude fibre lowers blood 
cholesterol levels in humans, prevents cancer and reduces the risk of developing diabetes, 
hypertension and hypercholesterolemia (Oboh and Omofoma 2008). According to Laskowski et 
al. (2019) whole grains result in “reduced risk of all-cause and cardiovascular-related mortality, 





of cancers”. The carbohydrate content of the finger millet varieties ranged between 56.32% and 
70.06%, with GBK 043180 scoring the highest. 
 
Table 6:  Proximate composition of selected finger millet varieties based on dry weight basis 
(dwb) 








TZA 1701 Uganda 10.25±0.6 11.43±0.2 b 2.79±0.3bcdef 1.26±0.1b 11.24±0.2b 63.03±0.6ij 
TZA 1693 Uganda 9.85±0.1 8.65±0.4fgh 2.18±0.3efg 1.19±0.0 b 11.75±0.2b 66.38±0.7cdef 
TZA 3934 Uganda 10.45±0.2 10.99±0.8b 2.67±0.0cdef 1.67±0.2 b 11.44±0.5b 62.79±1.2ij 
TZA 3676 Uganda 10.90±0.1 11.04±0.3b 1.54±0.3g 1.60±0.2 b 11.38±0.5b 63.54±0.6ghi 
UNGB 4146 Uganda 10.27±0.1 10.71±0.4bc 3.29±0.0abc 1.23±0.1 b 13.72±0.5a 60.78±0.3j 
UNGB 2321 Uganda 9.53±0.1 7.62±0.1h 3.31±0.5abc 1.38±0.1 b 8.54±0.9cd 69.62±1.5ab 
GBK 000920 Kenya 9.03±0.3 10.55±0.1bcd 0.26±0.0h 1.16±0.0 b 11.72±0.7b 67.28±1.0bcde 
GBK 057855 Kenya 11.83±0.1 14.05±0.9a 3.41±0.0ab 3.79±0.6a 10.60±0.5b 56.32±0.7k 
GBK 043052 Kenya 10.72±0.2 10.31±0.2bcde 2.45±0.1def 1.78±0.2 b 9.10±0.0c 65.65±0.2defg 
GBK 051721 Kenya 11.66±0.5 9.10±0.4efg 2.42±0.2def 1.40±0.1 b ND ND 
GBK 051725 Kenya 11.58±0.5 9.62±0.3cdef 4.00±0.1a 1.18±0.2 b 9.20±0.4c 64.42±0.8fghi 
GBK 051718 Kenya 11.44±0.6 8.59±0.2fgh 2.61±0.5cdef 1.61±0.3 b 7.64±0.3d 68.12±1.0abc 
GBK 051717 Kenya 11.23±0.2 11.03±0.0b 2.08±0.1fg 1.57±0.4 b 10.96±0.2b 63.14±0.3hij 
GBK 051705 Kenya 11.56±0.1 11.01±0.2b 2.45±0.2def 1.56±0.1 b 10.97±0.2b 62.45±0.5ij 
GBK 043275 Kenya 11.73±0.3 9.44±0.3defg 2.96±0.1bcd 1.70±0.1 b 8.76±0.5cd 65.41±1.0efgh 
GBK 043180 Kenya 10.90±0.5 6.25±0.6i 2.85±0.2bcde 1.33±0.0 b 8.60±0.3cd 70.06±0.4a 
Chepyaliyet Kenya 10.32±0.3 8.22±0.2gf 3.28±0.2abc 1.74±0.1 b 8.48±0.1cd 67.97±0.4abcd 
Values are mean ± SD: Analysis of samples done in triplicates: ND=Not done; Means that do not share a letter are 
significantly different. 
 
The iron content of the finger millet varieties ranged between 3.99 and 16.80mg/100g with GBK   
051725 significantly scoring the highest (Table 7). Siwela (2009) obtained iron concentrations of 
3.3-14.89 mg/100g in finger millet. This is in line with our findings. The zinc content of the finger 
millet varieties ranged from 2.20 to 3.93 mg/100g with GBK 051717 scoring highest. Leder 
(2004) reported the iron content of finger millet as 36.6 mg/100g, which is significantly higher 
than our results (3.99-16.80 mg/100g). The calcium content in the finger millet varieties ranged 
between 165.49 and 523.94 mg/100g with GBK 043275 scoring the highest. These results are in 
line with Saleh et al. (2013) who obtained a mean calcium concentration of 348 mg/100g in finger 
millet. According to FAO (2020), finger millet is a traditional crop that is rich in iron and 
calcium. Kumar et al. (2016) also report finger millet as the richest source of calcium among 
cereals “with up to tenfold higher calcium content than brown rice, wheat or maize and three 
times than that of milk”. Calcium, which is predominantly present in finger millet, plays an 
essential role in growing children, pregnant women, the elderly, as well as in people suffering 
from obesity, diabetes and malnutrition (Jideani 2012, Chappalwar et al. 2013).  Therefore, it was 
important to quantify calcium in the new varieties of finger millet.  The role of calcium in human 
nutrition has been described by several authors including Piste et al. (2013). Osteoporosis is a 





reduction of hypertensive disorders of pregnancy, lower blood pressure particularly among young 
people, prevention of colorectal adenomas, lower cholesterol values, and taking sufficient calcium 
during pregnancy has been seen to lower blood pressure in their progeny (Cormick and  Belizán 
2019). 
Table 7: Total phenolics and selected minerals in finger millet samples (dwb) 







Iron Zinc Calcium 
 
TZA 1701 Uganda 14.87±0.1b 6.14±0.7bc 2.60±0.1efgh 392.25±7.0defg 
TZA 1693 Uganda 8.16±0.4de 5.93±1.3bc 2.51±0.1fgh 431.81±4.4cd 
TZA 3934 Uganda 5.94±0.9e 4.89±0.5bc 2.56±0.3efgh 400.67±21.0defg 
TZA 3676 Uganda 6.98±0.9e 5.42±0.2bc 2.80±0.2cdefgh 511.18±56.8 ab 
UNGB 4146 Uganda 6.88±0.9e 3.99±0.5c 2.72±0.2 defgh 325.89±7.3g 
UNGB 2321 Uganda 8.72±0.6de 8.29±1.2b 2.20±0.0h 519.53±7.7ab 
GBK 000920 Uganda 8.59±1.3de 8.04±0.8b 2.30±0.1gh 389.96±11.6de 
GBK 057855 Uganda 12.64±1.3bc 6.44±0.8bc 2.92±0.1cdefg 165.49±3.8f 
GBK 043052 Kenya 14.20±2.1bc 4.88±0.3bc 3.18±0.5bcdef 440.74±77.8bcd 
GBK 051721 Kenya 12.41±1.4bc 6.17±0.3bc 3.40±0.2abcd 347.89±9.5efg 
GBK 051725 Kenya 18.30±1.8a 16.80±2.7a 3.92±0.2a 425.95±22.7de 
GBK 051718 Kenya 18.84±0.6e 7.50±0.5bc 3.09±0.2bcdef 433.44±7.0cd 
GBK 051717 Kenya 7.73±0.1e 7.73±2.2bc 3.93±0.2a 412.88±1.5def 
GBK 051705 Kenya 7.56±0.7e 8.15±1.4b 3.65±0.3ab 343.58±11.5fg 
GBK 043275 Kenya 13.19±1.8bc 6.18±1.2bc 3.46±0.3abc 523.94±24.3a 
GBK 043180 Kenya 11.25±0.4cd 8.08±2.4b 2.60±0.1efgh 372.66±8.8defg 
Chepyaliyet Kenya 9.01±1.0de 5.33±0.3bc 3.21±0.1bcde 403.11±7.7defg 
             Values are mean ± SD: Analysis of samples done in triplicates; Means that do not share a letter are significantly  
             different. 
 
Among the finger millet varieties, the total phenolic content ranged from 5.94 to 18.84 mg/100g 
with the highest contained in GBK 051718 (as shown in Table 7). According to Nayak et al. 
(2015), phenolic content in cereals is influenced by several factors, such as environmental 
conditions, genotype, storage, and processing methods. Phenolics include phenolic acids, 
flavonoids and pro-anthocyanins. They are particularly notable because of their potent antioxidant 
properties (García‐Lafuente et al. 2014). Finger millet has been reported to have high amounts of 
various phenolic compounds that exhibit antioxidant activity (Suba Rao and Muralikrishna 2002, 
Hegde et al. 2005, Chandrasekara and Shahidi 2010, Kumar et al. 2016).   
 
5.6  Ranking of selected finger millet varieties in terms of nutritional content  
Based on proximate analysis (Table 6), GBK 057855 ranked the best among the finger millet 
varieties, having the highest protein, ash and fat content.  It had a medium total phenolic content, 
which could imply it is lower in tannins, thus with more bioavailability of minerals and proteins. 
Its iron and zinc content were comparable with the other varieties though its calcium content was 
among the lowest. The agronomic attributes of this variety include late maturity, taking up to 150 
days, but also high yield, with the ability to produce up to 3000kg/ha. It is also pest and disease 
resistant and drought tolerant. Appendix III shows the ranking of the finger millet varieties based 





6. CONCLUSION  
In this report we provide a summary of our studies on the nutritional content of bean, finger millet 
and sorghum varieties that were pre-selected for their good agronomic performance by farmers in 
Kenya, Tanzania and Uganda under a previous project, in light of prevailing changing climate and 
the prevalence of pests and diseases. We determined the macronutrients, some minerals and the 
total phenolic compounds of 7 bean, 17 finger millet and 22 sorghum varieties. This kind of 
nutrition profiling is essential for formulating food-based dietary guidelines, which are crucial for 
improving populations’ diets. For example, using the phenolic content of cereals and legumes to 
guide on the best preparation techniques to increase nutrient bioavailability and maximize the 
benefits of polyphenols. This is crucial for new varieties of food crops, especially staples.  
 
We identified the best ranking varieties of bean, finger millet and sorghum to be TZA 3990, GBK 
057855 and GBK 051746, respectively. These ranked highest for both agronomic performance 
and nutritional content. With the information derived from our analyzes, relevant stakeholders at 
all levels, from farmers and breeders, to value-addition sectors and private companies in Kenya, 
Tanzania and Uganda can now easily select a variety, from among the ones profiled, according to 
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8.1 Appendix I:  Ranking of bean varieties based on proximate analysis, selected minerals 
and total phenolics  
 










1. TZA 3165 
2. KYOBOTE 
3. TZA 4174 
4. KAITABAHURU 
5. TZA 3100 
6. UNGB 2364 
7. TZA 3990 
Protein 1. KAITABAHURU 
2. TZA 4174 
3. TZA 3100 
4. TZA 3165 
5. TZA 3990 




1. TZA 3990 
2. TZA 4174 
3. TZA 3100 
4. TZA 3165 
5. KAITABAHURU 




1. TZA 3990 
2. TZA 3165 
3. TZA 3100 
4. TZA 4174 
5. UNGB 2364 
6. KAITABAHURU 
7. KYOBOTE 
Crude Fibre 1. TZA 3990 
2. KYOBOTE 
3. UNGB 2364 
4. TZA 4174 
5. TZA 3100 





2. TZA 3165 






5. TZA 3100 
6. TZA 4174 
7. TZA 3990 
Iron 1. TZA 3165 
2. UNGB 2364 
3. TZA 3990 
4. TZA 3100 
5. KAITABAHURU 




1. TZA 4174 
2. TZA 3990 
3. UNGB 2364 
4. TZA 3100 
5. KYOBOTE 
6. KAITABAHURU 




1. TZA 4174 
2. UNGB 2364 
3. TZA 3100 
4. TZA 3165 
5. TZA 3990 
6. KYOBOTE 
7. KAITABAHURU 
Total phenolics 1. TZA 3100 
2. KAITABAHURU 
3. KYOBOTE 
4. TZA 4174 
5. TZA 3990 
6. UNGB 2364 













8.2 Appendix II: Ranking of sorghum varieties based on proximate analysis, total phenolics 
and selected minerals  
 
Nutritional component Performance  of varieties from highest to lowest 
Moisture content 1. UNGB 2279 
2. UNGB 65 
3. GBK 051759 
4. UNGB 2841 
5. GBK 044672 
6. UNGB 2775 
7. UNGB 2796 
8. UNGB 2752 
9. UNGB 2314 
10. UNGB 2767 
11. GBK 044626 
12. UNGB 2742 
13. UNGB 2777 
14. Hakika 
15. GBK 051855 
16. GBK 44669 
17. UNGB 2378 
18. GBK 051737 
19. GBK 051744 
20. GBK 051843 
21. GBK 051746 
22. GBK 004251 
Protein 
 
1. GBK 051746 
2. GBK 051744 
3. GBK 044626 
4. Hakika 
5. GBK 044672 
6. GBK 051759 
7. GBK 051737 
8. UNGB 2742 
9. GBK 44669 
10. UNGB 2841 
11. UNGB 2752 
12. UNGB 2775 
13. UNGB 2777 
14. UNGB 2767 
15. UNGB 2314 
16. UNGB 2279 
17. GBK 051855 
 18. UNGB 2796 





20. GBK 051843 
21. GBK 004251 
22. UNGB 65 
Ash content 
 
1. GBK 051855 
2. GBK 051737 
3. GBK 051843 
4. UNGB 65 
5. GBK 051744 
6. GBK 44669 
7. UNGB 2279 
8. UNGB 2752 
9. GBK 044672 
10. UNGB 2314 
11. UNGB 2742 
12. GBK 051759 
13. UNGB 2378 
14. UNGB 2796 
15. UNGB 2775 
16. UNGB 2841 
17. UNGB 2767 
18. GBK 004251 
19. GBK 051746 
20. GBK 044626 




1. GBK 051855 
2. GBK 051843 
3. Hakika 
4. GBK 051746 
5. GBK 44669 
6. UNGB 2777 
7. UNGB 2841 
8. GBK 051759 
9. GBK 044672 
10. UNGB 2752 
11. UNGB 2378 
12. GBK 004251 
13. UNGB 2767 
14. UNGB 2742 
15. GBK 051737 
16. UNGB 2279 
17. UNGB 65 
18. UNGB 2796 
19. GBK 051744 





 21. UNGB 2314 
22. UNGB 2775 
 Crude Fibre 
 
1. GBK 051744 
2. GBK 051737 
3. GBK 044672 
4. GBK 44669 
5. GBK 051746 
6. GBK 051843 
7. UNGB 2777 
8. Hakika 
9. GBK 044626 
10. GBK 051759 
11. UNGB 2767 
12. GBK 004251 
13. GBK 051855    ND 
14. UNGB 65         ND 
15. UNGB 2752     ND 
16. UNGB 2841     ND 
17. UNGB 2796     ND 
18. UNGB 2775     ND 
19. UNGB 2742     ND 
20. UNGB 2314     ND 
21. UNGB 2279     ND 
22. UNGB 2378     ND 
Carbohydrate 
 
1. GBK 004251 
2. UNGB 2767 
3. GBK 051759 
4. GBK 044626 
5. UNGB 2777 
6. Hakika 
7. GBK 051843 
8. GBK 044672 
9. GBK 44669 
10. GBK 051737 
11. GBK 051744 
12. GBK 051746 
13. GBK 051855      ND 
14. UNGB 65           ND 
15. UNGB 2752       ND 
16. UNGB 2841       ND 
17. UNGB 2796       ND 
18. UNGB 2775       ND 
19. UNGB 2742       ND 
20. UNGB 2314       ND 





22. UNGB 2378        ND 
Iron 
 
1. UNGB 2279 
2. UNGB 2841 
3. Hakika 
4. UNGB 2378 
5. UNGB 2796 
6. GBK 051737 
7. UNGB 2742 
8. UNGB 65 
9. UNGB 2767 
10. UNGB 2777 
11. GBK 051855 
12. UNGB 2775 
13. UNGB 2314 
14. UNGB 2752 
15. GBK 44669 
16. GBK 051746 
17. GBK 051843 
18. GBK 051759 
19. GBK 051744 
20. GBK 044672 
21. GBK 004251 
22. GBK 044626 
Zinc 1. UNGB 2742 
2. UNGB 2752 
3. GBK 051855 
 4. GBK 051744 
5. UNGB 2767 
6. UNGB 2314 
7. UNGB 2841 
8. UNGB 2775 
9. UNGB 2777 
10. Hakika 
11. UNGB 2796 
12. GBK 051746 
13. GBK 044672 
14. UNGB 2378 
15. GBK 051737 
16. UNGB 65 
17. GBK 051759 
18. GBK 44669 
19. GBK 051843 
20. GBK 044626 
21. UNGB 2279 







1. GBK 051759 
2. GBK 051855 
3. GBK 44669 
4. GBK 044672 
5. GBK 051843 
6. GBK 051737 
7. GBK 051744 
8. UNGB 65 
9. UNGB 2378 
10. UNGB 2742 
11. UNGB 2841 
12. UNGB 2279 
13. UNGB 2752 
14. GBK 004251 
15. UNGB 2796 
16. GBK 051746 
17. UNGB 2314 
18. Hakika 
19. UNGB 2775 
20. GBK 044626 
21. UNGB 2767 
22. UNGB 2777 
Total Phenolics 
 
1. UNGB 65 
2. GBK 051744 
3. GBK 051737 
4. UNGB 2752 
5. GBK 051843 
 6. UNGB 2796 
7. GBK 004251 
8. UNGB 2777 
9. UNGB 2279 
10. UNGB 2742 
11. UNGB 2767 
12. UNGB 2841 
13. UNGB 2775 
14. UNGB 2314 
15. GBK 044626 
16. GBK 044672 
17. UNGB 2378 
18. GBK 44669 
19. GBK 051855 
20. GBK 051759 






8.3 Appendix III: Ranking of finger millet varieties based on proximate analysis, total 
phenolics and selected  minerals  
 
Nutritional component Performance  of varieties from highest to lowest 
Moisture content 1. TZA 1701 
2. UNGB 4146 
3. Chepyaliyet 
4. TZA 3934 
5. GBK 043052 
6. TZA 3676 
7. GBK 043180 
8. GBK 051717 
9. GBK 051718 
10. GBK 051705 
11. GBK 051725 
12. GBK 051721 
13. GBK 043275 
14. GBK 057855 
15. GBK 000920 
16. UNGB 2321 
17. TZA 1693 
Protein 
 
1. GBK 057855 
2. TZA 1701 
3. TZA 3676 
4. GBK 051717 
5. GBK 051705 
6. TZA 3934 
7. UNGB 4146 
8. GBK 000920 
9. GBK 043052 
10. GBK 051725 
11. GBK 043275 
12. GBK 051721 
13. TZA 1693 
14. GBK 051718 
15. Chepyaliyet 
16. UNGB 2321 
17. GBK 043180 
Ash content 
 
1. GBK 051725 
2. GBK 057855 
3. UNGB 2321 
4. UNGB 4146 
5. Chepyaliyet 





7. GBK 043180 
8. TZA 1701 
9. TZA 3934 
10. GBK 051718 
11. GBK 051705 
12. GBK 043052 
13. GBK 051721 
14. TZA 1693 
15. GBK 051717 
16. TZA 3676 
17. GBK 000920 
Fats 
 
1. GBK 057855 
2. GBK 043052 
3. Chepyaliyet 
4. GBK 043275 
5. TZA 3934 
6. GBK 051718 
7. TZA 3676 
8. GBK 051717 
9. GBK 051705 
10. GBK 051721 
11. UNGB 2321 
12. GBK 043180 
13. TZA 1701 
14. UNGB 4146 
15. TZA 1693 
16. GBK 051725 
17. GBK 000920 
Crude Fibre 
 
1. UNGB 4146 
2. TZA 1693 
3. GBK 000920 
4. TZA 3934 
5. TZA 3676 
6. TZA 1701 
7. GBK 051705 
8. GBK 051717 
9. GBK 057855 
10. GBK 051725 
11. GBK 043052 
12. GBK 043275 
13. GBK 043180 
14. UNGB 2321 
15. Chepyaliyet 
16. GBK 051718 







1. GBK 043180 
2. UNGB 2321 
3. GBK 051718 
4. Chepyaliyet 
5. GBK 000920 
6. TZA 1693 
7. GBK 043052 
8. GBK 043275 
9. GBK 051725 
10. TZA 3676 
11. GBK 051717 
12. TZA 1701 
13. TZA 3934 
14. GBK 051705 
15. UNGB 4146 
16. GBK 057855 
17. GBK 051721  ND 
Iron 
 
1. GBK 051725 
2. UNGB 2321 
3. GBK 051705 
4. GBK 043180 
5. GBK 000920 
6. GBK 051717 
7. GBK 051718 
8. GBK 057855 
9. GBK 043275 
10. GBK 051721 
11. TZA 1701 
12. TZA 1693 
13. TZA 3676 
14. Chepyaliyet 
15. TZA 3934 
16. GBK 043052 
17. UNGB 4146 
Zinc 
 
1. GBK 051717 
2. GBK 051725 
3. GBK 051705 
4. GBK 043275 
5. GBK 051721 
6. Chepyaliyet 
7. GBK 043052 
8. GBK 051718 
9. GBK 057855 
10. TZA 3676 





12. TZA 1701 
13. GBK 043180 
14. TZA 3934 
15. TZA 1693 
16. GBK 000920 
17. UNGB 2321 
Calcium 
 
1. GBK 043275 
2. UNGB 2321 
3. TZA 3676 
4. GBK 043052 
5. GBK 051718 
6. TZA 1693 
7. GBK 051725 
8. GBK 051717 
9. Chepyaliyet 
10. TZA 3934 
11. TZA 1701 
12. GBK 000920 
13. GBK 043180 
14. GBK 051721 
15. GBK 051705 
16. UNGB 4146 





1. GBK 051718 
2. GBK 051725 
3. TZA 1701 
4. GBK 043052 
5. GBK 043275 
6. GBK 057855 
7. GBK 051721 
8. GBK 043180 
9. Chepyaliyet 
10. UNGB 2321 
11. GBK 000920 
12. TZA 1693 
13. GBK 051717 
14. GBK 051705 
15. TZA 3676 
16. UNGB 4146 
17. TZA 3934 
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